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_;;p;V STARCH^BRANCHING KNZYKE ■ II OF POTATO >V : '. 

The present: invention relates to a novel starch 
.. branchihg ■ enzyme ■ of . potato . More specif icaiiy, the/vpresent 

invention- relates to an amino acid seauence of a' second." 
. starch branching "enzyme (SEE II) of potato and a fragment . 
o\. thereof as .'well as their "corresponding DNA sequences. 

Furthermore, the invention . relates to vectors comprising 
such. DNA sequences/ ; :to processes for production of . : 
transgenic potatoes, • and to the use.; of said potatoes for 
the*', production .of ;'starch . • ' ■ . ■ 

" 10 ■.' Starch: d;s>-a"^cpmpi ex mixture 'of different molecule; ■ 

forms v-^t fering, : in degree of polymerization and branching 
of the glucose. chains . Starch-consists of amylose and 
; v arnyIopect an 

'■,;:^>^essentiaiiy AIihear v >aTl, 4-clucan' : ;and" amyiooectin consists . 

• >'.•--•:':-;:, ^ * - \'V- .:'-^-V}^A.r ■ : ' . v . " •-. '. • ~ - - ••" 

■vI5:- : :4oxv;a-i /4-.clucans":::connected- to^eaich .other via :a-1 , ' ■ 
■'' ■' ■ ■• :> :-\--.^ : ":V> ' - : : : v " - ^ ■ .' ■■ . ' • • : 

■y.:. :linkages .^and; '^thusv - f.ormina a ..branched poiygiucan . Thus, .. 4 
■ ■ ■■ ? ■: :-.:•*-> -o- .' -.-i; . -■ - ■■• : . ■ - - 

•\^>^-;^ : starch ^.is'^notv^ Mhxtozm .-ratoVinafcef iaa 7 : ' V. 

:^Vv K r ■ :--^f:*:-;.' ' ; ^"-^ . 'V -. :. v "V.-..' : v ' ■ 

•'• S f a r eh ^is^syn.t hes i ze"d : ;> via ; va t: 1 e as t t h r ee,-/e n z yma t : i b"$"--v 

/• •-'>-.- .. . ■ W. ■ v ^ V ■ ' . " -v< ; . y y < ■•' v : \: • '■ .•- ..-..* :.',.*:/ 

v^'^'reactloh glucbSe^phosohorviase .. (EC ■ . 

-20 : ; v 2-^7 7 . 2 7; > starchy;synthase; (EG 2 , 4. 1.21) and starch^.-, ••••• •.v.-^- 



; branching \^nzyme$;(EC- ;2 .4.1 ;'18 ; )V are ".involved . Starch : ,V^ 

branching enzyme ':v'(S3E f also .called Q-ennyme) is believed. 
. v '-to have two', different enzymatic activities. It catalyzes . 

-: ; 'both t h e ' : hydrolysis of a-1; 4-glucosidic bonds and the . 
25 ■■■■■i omation-r or ./ja.-.l:^6-glucosidi'c bonds curing synthesis of ; 

the branched ^component m istarch, i.e. any icpeczin . 
; ' Plant starch is a valuable source of renewable raw 

-. material used in/ for example, the cherucii industry 

(Visser and Jaccbsen, 1993). However., the quality of the 
30 starch, has to meet the demands of the processing .industry 
wherein uniformity of structure is an ir.portant criterion, 
; For industrial ^;apb I icat ion there is * neea or plants only' 
containing amy lose starch and plants only containing 
axyi.opect in stare:;, respectively. 
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Processes ,for 'altering t he amy! o s e / amy 1 ope c t i n ratio 
in starch have already been propoi^d. For . example/ . in 
WC95/C4526 there is described DMA^equences encoding 
debranching enzymes wirh /the /-ability ■■ta reduce or,; increase 
5. the /degree of branching of amylopectin in transgenic 
plants, e.g. : potatoes. • •;// : /:-':-- • 

In W092/14827. piasmids are described having DNA 
sequences that after insertion into/the genome of the 
plants cause changes in the. carbohydrate concentration and 
10 the ;carbohydrate /composition in : regenerated, plants ^ These 
changes can be obtained from sequence of a branching 
enzyme that is. Ideated on these/jpi^smids . /This f branching / 
enzyme is proposed to alter the amy lose/ amylopectin ratio 
.in. starch of the plants, especialiySin commercially used 
1 5 plants . .'- :.•'./•;// ' /•- ■■ /v- :: ,;.//;/:''y/;^ ; / : ;.;:/-' : ';// '"'■■■.f' ;/,■ ■ ■■: - 

W092/I4S27 'describes the^ •■■ . 

. . . branching enzyme^i 

known whether/o'the^ 
in "..the. synthesrs//bf. : vbr 
20 ; .;// v K,In : Moiv^^ 
^-//v/ - there . is . described/dhhibi^ 

gene for granule-bound starch-'^yntnase in potatb/by 
• .•/.//'• antisense ' constructs. Inhibition of /the enzyme -in potato 

tuber starch was; up to 100% in/which case amyiose-free 
2 5.; : ; . starch, was ;provided. . './■/// - '///:-,>■■; 

However, the prior known methods for/inhibiting 
./ amylopectin have not been that ^successful and, therefore, 
alternative methods. for inhibiting amylopectin are still 
highly desirabiev: : (Muller-R6ber/.an -Kartin 
3C and Smith, 1995 5 . ..-*-■ 

The object of the present invention is to enable 
altering the degree of amylopectin branching and the 
. amyicpect in /amy lose ratio in potato starch. 

According to the present inventicr. this object is 
35 achieved by providing a novel isolated DNA sequence 

encoding a second starch branching enzyme, 23E II, and 
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'-/fragments thereof, which after- insertion into the genome .'->>£ 
. of the plants cause changes - : in, said branching degree and -■■ ;} ^& 
. ratio in regenerated plants i... v /■■■'XyyS 
Within the scope of the : present invent ion .there is 
.5 also included the amino, acid; sequence of . SBE 1 1 and 

; -.f ragmen t s thereof. • : /A""-..."' ■ 

Also -variants of ' the above /DHA sequence result ing : '^t^ 
•' : from the degeneracy -of:- the /genetic • code are/encompassed. ' - 
The novel DKA sequence. e::coding;. S3EII,/ "comprising 
.10" '; 3014 nucleotides ,.. as well "a 3 / the .corresponding; amino acid 

•^/•■"sequence comprisi ng 37 S axind acids, -are/shownun SEQ ...ID' . -.' ' ;£K 

;.: No.%: 1. One ;i.3'9.3 nucleot ices'; iong fragment- -.c.f ; ; the. above DNA' 
. ' /sequence/ c.or respond i n g" t o/riucieot ides ., -ICQ? ";to .2159 of , the -'; 

DXA sequence in SEQ ' ID- ; Mo. jl> .-as " well :as';the corresponding ■ . : /:-;V§ 
1 5//- amino acid sequence comprising A '64 ;.arnirio. { .;acids> are shown "-// J^^i 
• ■ in SEQ ID-Nc^ 2 . ' / / : fiA ■■' '} . ; '-Vv. ' ' ' : - ' - - ; /sJ^,\^: 

V-/^:;'v /there/are/'.prbvided /vec.to2^;/compri sing ' / '* : ;;'-^;vH^^ 

- said isolated 'DNA-sequehces and .regulatory;^ active/// V;;^§ 



^^^5^^ !^'/*- : in ' potato /:.-"The/:-DNA sequences-^ pa y^/b 
"v-W;?^' 2-0/&/or: ..ant isehse-' (-reversed-) .^ ; c rieh.t-a f ion . i ri^>.tii^^ec tors -. -i n 

": : ^- r€iat : ipn ; "t:o /a; ; : promotef>-ixmediateiy upstrea:n%f rq^ ; ;DNA\/;:; : ^;SJ||£ 



/ /.>:».':'■'" 'sequence .•';/ ' /; ' v .'" ^A;/' 'A-^'V/- ■ A\ : '///;/^ A ■--;>""*.■.•■'- - - / ' : -VN-';/^ 

- :': ./ . .Also there is provided, a /process, fo^ / 
- of - transgenic. potatoes : ,wi th a. reduced degree* of branching . 
25 ■■■■■ of amy.Icpectin starch/, comprising the following' steps: 

a ) transfer and incorporation, of a vector - according to the /, 
invention into ; the genorr.e of a pot a to .'ceii yy. and 
/ b) regeneration of intact, whole plants, from the 
transformed cells. '••"'•'/;; 
30 ; Finally, the invention provides the use of said 

transgenic potatoes for the product ion '.of /starch. 

The invent icr will . be described in more detail below 
in association with an experimental part and trie 
accompanying drawings, , in which 
35 Fig. 1 shows SD3 polyacrylarr.ido electrophoresis of '■ ; • 

.. proteins extracted from starch of normal potato ' ~ a no A) 
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, • :. : - a-;.;- . . , ^7777 -.7 7 - • . / ' - 

.• and transgenic .potato . ilane -Bi;, -Excised protein bands arc . *'&U0& 
7^7 marked vith'Tirrcws . Lane -M_: Molecular "weight marker * :n V-^;iv' 

proteins 7 k.Da) 7 . 



.25 



7 7 ; 

. - . - . . . . ,7.77^7:^ 

Fig. 2 shows '1 peptide 1 sequences derived from 7 vV^; 



• - 5 - diaested proteins fron; potato tuber starch. ; ' >7:777# : 

EXPERIMENTAL; PART' £^';f ^ 

Isolation of -'-starch fron: ootato tubers 77 : 7\r-7- 

.7 Potato oiants (5oia^ t^erosa-j) were, .arown in the "-. — - 

• 7- . • . . - • ■ • / v. 77t:7 

10. . field. Peeled. tubers irorn either cv. Early Puritan or from 

a t ransgeriis-pbt a t o ■ .1 i ne . : e s sen t i a 11 y. a c ki no /-.c ran u 1 e -bou rid ';*b%~j&i 

starcr. syntnase . I . {Syalof Weibuil A5, international 

application, number FCT/SE3 1/009 92 ) , were hono.ceni zed at 

4°C in a fruit juicer. To the "juice fractieriV -which 

£15 -contained-, a large fraction o f . t h e. , starch, w a s i nrr.e d i a t e 1 y 7 

77. " added Tris-HCi, pH J--v5'^-io, ; 5& 30 nM : .f 

. . and "ethylenedinitrilotet^ mtf 7TJ 



20 




.on the.\behch^at: + 4°C for "30 • mi n t s e d ime ri t^be t ween • eve*y7?| 

* : /<y-^^y\ : Jj/r: y;^"-'- -A' =' .>: --. " . V v! ^'^^^^ i?-^/' ^ ' ■ . '/ jl ;7;V7:$S> 

wash/ -WasV^f ih'aiiy washed with 3 77 3 bed ^volumes -bf 7 v; -TO^ 
■ ' "■■ v77 ■ ' . : " 7 ; : 7 ;. 7v : 77 7- . . . ■■ :-\-y< Ac 



' 7 • -v.r': -- 




•acetone^alr^dried over .;night^ ; a-a scored at\ -20 „. ...... 

Extraction of proteins -'.from tuber sikrch'--.' *i *r : '-?l- -- ,.^4'.vc^ 

• ■ - ; - ■ ■ • ' ■■■■ ■ ■ ' >V ■ -:-V}-, . -• • •■• • •••'I 3:;^, 

. Stored, starcn (20 g) was : : co:i t ir.uous.l y / niixea": w i. t h' ' 200 ;^'-'^- : :'..:v::^ 

rr : i extraction buffer (50. rxM Tris-HC: , pH 7>5, ,2r (w/v)' 

. sodium.dodecyi sulfate (SDS) , 5 t^I E DT A j b v aspiration'. * 

with - a pipette at S5°C until the starch ..was'^ge latinized 7.' 

The. samples -were then/frozen at -TQ"C for ,1 hour . ; After . 

.30 thawing at 50°C, the samples were centrifuged for 20 zrin . ' 

at 12/000xg at"l0 rj C. The supernatants were collected and 77'- 

re-centrif.uged a: 3 r 000xg for 15 nin. The final supe ma 1 " ;: 

tants were" filtered through 0.45 u filters and 2.25 '7- : 7; 

volumes of .ice-cold acetone were added. .After ?0 xin -'"-S- 1 -. 
' ' .••■'7-- 777 •'• ' •■ • • - . ■ ' 

35 incubation ar 4°^, the protein precipitates were col iected 7^7 

by centrifugation :3 r C00xg.fcr 30 min at. 4°C) , and ■:■ y - r 



WO 97/20040 



rCT/SE*)6/0I558 



dissoive&^in:,50 -in>!' Tris-HCl; pH 7 . 5 An .aliquot or each;/;^ 
preparation.was analyzed:;;by SDS. pel y-acrylaxide gel '^-^V^ 
eiec-rcphoresis accprciinaUc ' Laexnii ( 1970) . ( Fig . 1). The:. . ; , . 
croteins :'i ; n =the renairtin^. perziens cf the preparations ..... 
p. were concentrated - by .pretipitaricn with, trichloroacetic. 

acid ( 10% ^ and 'the'proteins -were' separated on an 6^ SDS - ■; : \^- . :.;>/ 
poiyacryiarnide' gel Laemmli, / ( 1 970} The proteins in the.-- ; : ..v^ ;: 
eel were/ stained with /Cccnassie Brilliant 31ue; .{0,2% • : . 

in 20% methancl> 0.:5V- acetic acici, 79. 5%. K 2 0) 
10 in gal -digestion •.- - : 

The^^ained -,band^;^arked with, arrows in Fig- .1 ; ; i(/f 
cor responding' t mo 1 ecu 1 a r . . we i gh t pi about .100 ; ^ 

i;Da were • exciseci;.- arid -/washed twice with 0.2M -NH^HCO?. in.^50% - 
acetpnitrile, under 25°C for 20 mini , 

v 15 "0 Afrer^ac^ the ; gel^; ^ .. 

• • : ' pieces ? ume ;- ^°^^"5£S 5 ^l8 

,U'K' ' pia ced:^^ o f C^'^ 

• - . ^^/further-^iyid pieces and - transferred . to ;an ;• . 

•Eppencior f - tube; :. :0:; 2K i;NH 4 C0, (200^1) was padded .and the \- . .yg 

" ; 2 5 ? p ro t eins con t a i ned : in 'the. gel pieces were:. digested; oyer . . : | 
V • / • - night - at>37°C : (Rqsenrel ; d-et al . 1992 ) -After completed ^ . ym 

diaestion, t r if luoroacet ic acid was added to 1% . and zhey.y. _ . 

■ s^pernatants removed^ahd. saved. The' gel pieces were ■ , ■;. . 
further extracted twice. with GOV acetonitriie , 0 . 1% tri- -.; /: 

2C fiubroacetic acid (200 ul under continuous shaking at .. -V 
37°C for 20 nin. The two supernatant s frcrr. these extrac- 
tions were combined' with the first supernatant. The gel 
. pi eces . were finally washed with. 60* acetoni triie, \0. l! *-.>; 

■ trifluoroacetic a cid ,v> 0 . 02 i Tween-20 , (200 \xl ) - Also these,,--^; . 
35 .supernatant s were ^combined with the other supernacants^hd : , ; 

the volume was reduced to CO jil by evaporation. The 
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extracted ,pept i cies - Were^separared on a . SMART chrcxato- x^;^^,; , 
graphy system ( Pharmacia , [ Vppsaia, Sweden) .equipped with a' ;v 
uRPC C2/C18 SC2.1< / 1C column- Peptides were eiuted with a 
Gradient of 0 - 60% -acetcnit rile :r. water/0 . 1 : 'i t rifiuoro- \ 
5 acetic acid over.. 60 rrtin : >:ith a flow rate of 100 jil/min.. 

Peptides -were sequenced either; on an .Applied Biosystems. ■■■'-W- 
4 7 OA 'gas ::ph'ase sequenatpr:wi th. an on line .'-PTH-amino acid > -'. 

analyzer- (12 OA.} or ori '-a /mode 1 Al 6h according to the . ; 

instructions of the . manufacturer {Applied Biosystons , 
10 Foster City , v CA, USA) y^^fv . • - 

. ; Four :of the peptides .-sequenced gave easily. . ' 

interpretable sequences /(Fig. 2). A data base search 
revealed that these! : :f cur peptides displayed ' ""similarity to- . 
starch branching epzyiries -and interestingly, the peptides ■: . 
15 were ; more : reflated yytq^starcn branching ; enzyme , I I : f rom l other r 'J' \^ 
. plant - species than vfepy^ -y" 

potato . V ■ . ■ ■ '" ; '"^ : ^V : --" ! . v - -.t " ' --. i; y; *^V;; ; v .\ -vv v*..: '^'jSv 

Consnracfrio^ -of.; ol\ij^ I ^va/jd : -:i;-4^ : ^^p : 

20 ; y^.^ ypeptdde V.TU and 

.peptide 2^were : syrith^ Reverse.- prime rs; *%#.">^$ 

resDect i vei v i ■'■ • ^-"'v^v.' 

Oligonucleotide ,lY; \5 f -gtaaaacgacggccagt: - — : .yfe 
; TTYGGNGTNTGGGARATHTT-? ' (Residues y2. to S / of. peptide 1 )" 

25 .Oligonucleotide' .;'2;:";: 5V-aartaaccct.cactaaaggg--; . -J;: 

CKR7CRAAYTCYTGIARNCC-3 ' . (Residues 2 to S of peptide 2, . ' ;i 

reversed strand')';:'^ . \"yV •'" : :' >;\ > |V 
wherein . 

H is A, C or ?, ;I is inosine; K is G or T; U is A, C, G or 

30 T; R is A or G; Y is C cr. T; bases in lower case were yy 
added as tag sequences. 
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Purification cf'ziRNA-'fron: potat&jJ:uber.,. synthesis of pDNA 
and PCX a~pii'f i cation of a. cD?IA f ragmen c . corresponding' to 
potato stare:: branching enzyme. I I-y\\ z 

-Total RNA frox nature . potat'dytubers"'- -( S. tuberosum cw 
.\- Amanda' was isolated as described^; (Lpgenann ai. .19.87).. 
Firs: strand cDNA was synthesi zed .using 2 \ia of .total . RNA 
and 60 prr.c-i of o.iigo-dTv.j as downstream primer. The primer 
was. annealed :o the pel yA of the; : mRNA .at C0°C for 5 min. 
The extension of the- cDKA was'perf crned according, to the 
1 0 : technical nianual-\p-f-'-. the nar.uf acturer/aisinq:' the Ribocldne'* 

• cDKA'/Synthesis System M-KLV , ; {H-;)^?romega }> : 

. . \ ; cDNA: encoding the novel/starchcbranchino/enzyrne' II- 

• according; to the ..invent ion 'was ^amplified in' 'a' Per kin-Elmer 
GeneAmp-c' - Sop'O- ,;?CE - thernocycle Cetus . 

a 5 .,'* Instruments , CT, - USA}, using. the;:two ; degenerate primers \ 

":' L ' " ;-:v;v - . - ' '• • v.i^v"'- / ".-: . \* : - "V;-.:. : . 



icrnea f rom;Hthe,::peptides O.;- and-^ 

iowinc conditions ^m>I. :: dNX?^ : "V." 
an aiicot ' of ^-the^cDNA "descr ibeci^bo^an .'a: t d tad::/ re a c t ion ; -//v 
volume p: 20 nl . with;':: x . topiltk^-B^f f f 'r . '^^Mf^PM^f0^ 

: 96°C f or; ; T , ;.>;V80°C- while^th^^hzyne.; was : addea as a y: 



.2Q; ;;, Anpi : iTaq^ ; 
; - - were: 

-. hotstart ( approxiniateiy 15 ' ) /^ an'^unintehded drop . to ,25°C, 
five cycles of 9A°C for 20", A5°C '-.f or 1 ranp to 72°C for 
I'yand 72°C for 2' , [ and 30 cyciesr.pf- -94°C for 5-" r : 45°C for 
2 5. . . 30 M V and 72°C for (2' i -2 M per ^ycle): and ..completed /with . 72°C 
:fpr 10* prior. -to 'chilling to ^°C;.- - 

A sample of this react ion ( 0 .1 >1 ) was ' reanplif led 
using the cycling conditions* 96°Cvf or 1 1 , 30°C ..while the 
.enzyne was added as a hctstart (approximately 5';,; five 
30' cycles of 94°C for 20' 1 , 45°C for i', and 72°C for 2\ and 
21- cycles of 94 C C for 5 ,, / 45°C for;- 30 1 ' , and "°C for (2 1 
+ 2'' per cycle) and completed, with 72°C tor 10* .prior to 
chiliinn to 4°C. After ccmoietion of the ?-2^ ampi:- 
ficaticn, the reaction was loaded on a J.:/ ;3eakem 
2\. agarose gel { FMC Bicproctuct's, Rockland, USA). After 

elect roch^resis and sr.a: ning with ethi.riium rrnmide a major 
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baria-^i-^. ar.- apparent size of 1500 'bp was; excised and the 
f racrotent was eluded by 'shaking i:: water :{200 ui) for 1 h. 
.This := f ragmen t . was: iised as template in sequencing reactions 
after rearr.piif ication using priners corresponding to the. 
5 "•tag-;' sequences : i in oligonucleotides : h--and. 2} , purification 
by agarose gel electrophoresis as above:yand extraction' 
. from- the gel using the Qiaex' gel extraction kit according 
to. the. manufacturer .s instructions {DIAGEN GmbH, Hilden, 
Germany) . The sequencing react ions .were done; using the 
10 ... DyeDeoxy^ Terminator .Cycle Sequencing;, kit s ; ( Per kin-Elrner . 
... • ; Cetiis ^Instruments); using' i <a g ; s e quehces' ^an ci -'/internal 1 
• /.'primer's . . The sequencing 'reaction ''we're', anal y zed c n ,. a n 
•Applied Bicsystems 373A DNA sequencer according to. .the 
- manufacturer ' s protocols . '.The sequence was edited and 
15 : Comprised 13 93 . bp. V ^:V'^ . . ; ' .' :^\y]r ' - ." 

^^y^Ak^..^y\'fco^leite the . determihatioru.of the ..sequehceibf / . 
; Starch.;, branching " enzym .II, the ; 5>-'and -3.V . ends of : the ..full 

^V:^feabo^usinc" rapid amolif ication^bfe 

20 methodology with' specific primers- from -the^I^SS^bp'rv^ • .>.■:;. 
. . \;fsequen;ce..>In the :3* end amplification/ an ;olago ; :- ; T^G;;;primer: :■; 

-wasHtised against the poly A . tail.,- and .-.-in" -.the/"-?-*-^ 
:V: ; '^ V /3-' RACE kitVfrom Boehringer Mannheim (Cat No, ■H7:34 7.92) 

•wais used. The fragments f ron vthese^ampiif icatiqns^were 
25.--. is^auenced in the same, way as above. -busing, internal ^arid end 
. = ■•■■-primers. The sequences from the two ends were aligned .-. 
" -together with the 1393 base pairs \ to give a composite full 
length cDNA sequence. Primers were"; designed from 'this 
sequence tc amplify the whole .coding region. in one part. 
30 Partial sequencing of the amplified coding cDKA confirmed 
the presence of a cDNA corresponding to the composite 
sequence. The full length cD->A is 30"' A bp and the 
•translated sequence comprises- 878 -amine acids. The mature 
protein comprises 830 amino acids. 
35 Comparisons of the consensus sequence with the EMBL 

ar.d Gen = an>: databases shewed '68' identity to potato starch 
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-.branching enzyme 1. and about 50?> ^identity to starch*^;--' 
branching er.:\T.e I I' f r.om ' ether plant .'species . The .present; 
inventors therefore denote the encyme . encoded by the new 
branching .enzyme " -.sequence .potato -starch branching enzyme : 

.grarisfczrnia Clonic f 'potato plan tt; V-\- \>. 

■ : ;\: . :;The isolated ..full length cDKA-of potato starch , 
branching er.cyme Il.^and other functional 1 y active frag-' 

■ .ments. m the' .range'"-'' of 50'— 3 07 4 bp'.'are .' cloned . i.'n. reverse 
' orientation; behind. promoters- active in potato tubers. By s 

. ■-the "term "functionally active" /is^meant rragxonts'. that : 

v;ili affect the ■■amylose /amyiopect in ratio in potato 
'-■■■■starch. The DKA and .-.ami no acid sequence of 5BE II 

.according .to .the invent ion asv well, as one fragment cf-.the 
v - v ---QNAwarid corresponding amino acid sequence are. shown in Sc.Q: : V/< 
,1 ID'No; 1 .and 2';\.respect iveiy l,;^ ., 
v ^"X fV^The promoter s^are selecteq^fxcn/'Jfor ; example>v the' 
^patatih: 



■ : V 

;^v-' 



V." 



in/vP*r*b^ proir.bter = : ;f r orn ';:.t he potata-^granule-;:;.^ 

1 1'- '?::*: "v--. '. { - :. ' ; - : 1 ; &.:': \^;;: \ . • ": . \v-W * : -vS;. ; r. ^ • ;f <• j/U 
: s ra rch s vn tha se . I ce n e v ^ b p r ono t e r s isolated' .from ; • 

: - / >'C.Vv. V.-'" 1 - •••o. ; '" : "; .' ^ ■:• _ . ": \ : . ;'\^ 



■=20>i;<^pot ; a'tb •stafch.^br^hching •.,enzyme's: ; : ;l:-; ; ahd ; 1 1 genes . 
? • / v*?v -7 v .'The - icon s t ir.uc t s '.are- cloned ; ;by . techniques HknoWhV-in /the^ 
*' V;-^art'leither^- : ihxa:/-biriary Ti-plasmid ■ vector suitable f or 
transformation of potato mediated by A-zrcbascerlum - 
1 zumefaciensi or in a vector suitable for direct. 
25 ]- trans forma tion using ballistic techniques or 

V:-:ielectr operation-.' Tt -is' realized that the sense (see - belowj'^;^ 



and ant i sense construct 
regulatoryl.eiements . 

Transgenic potato plan* 



:rust contai: 



necessary 



transcribe the inverse 



30 



starch branching enzyme II construct specifically in 
tubers/ leading to antisense inhibition of the enzyme. A 
reduction' and changed pattern of the brarichir.g of amylo- 
pectir: as welt, as a changed amylosev amy lepect in-rat io 
thereby oc ::;r m. tuber starch. , 

The a::tisense rcnotruct for potato starch branchir^c 
encyme II is also u^ec i:; coirz 



na: 



h ant i sense 
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■ v. : --' 



:io...;- 



constructs for : pc t at o ..; :s:arc h \ ; b r a h c h in c er.: /re 
potato" aranule-bqund v ;star:h -synthase 11 



I / 'for . •" 
potato 



the 



10 



soluble starch's^ pot ato /.starch 

dispropcrtionating en:w.e (p.-enz^ fcr potato, starch 

aebranchir:aienz\^^p i7 .tr'a^ to change v. " 

degree 'c: . branohingrcr arnyicpect in- and. . the 
any i o s e / amy i opeb'ti n :/ ra tlo\ f Hi s;. ' c'i y e s :\ew and valuable raw 
material to the starch processing; -.industry . 

' ■ - The fu 11 -length;;:cC^:A.; sequence vencedin:: the e:::\tie is, 

sense ',-erien fat ion V...- . ■; , 



15 



in di £f erent- -cbnst^iJ^ 

behind one ::.'or,'. xore^:p£-t he'^ ■ ment io ned -above, -and • 

: the con5tructs-:a^ f ransrorma- .. 

tic-r.- vectors;' : "-as<^^ the ;• . 



transf orxat-ion-;o% ; ;: \\j 

plants wil i;. irpdu^^ rph ^branching ^enzyn-; -;V;^^ 



' enzyne 

- 2.0 v": ih'- a deer 
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Xuiler-Koher, "5-.',. Kc|i-a::r. , 3.-; -\ I * : Apprcacr.es ..to 
■influence starch" quantity --.and '/starch quality in transgen: 

^■plants F.iarit-.' Cei -./.Env-.ronrr^ /.1.7 y' ; / cO; -.613.. 

Ma-t in, C. , : ' v S~izh' t ■' A. • ■; 1 93- t y ""Starch E icsyr.thes'i s Plant 
Coir ^i-?S5. ; . : 

■LaeT^liV/^U v-K;. - : a IT? "9: . 11 e^a ae ;g f • ■ s t r uc t ur a I . proteins 



j; '• and/Wiilrni t z.eri; 1 . /"( 1967 ; , : . ; ; '.j 
\ ' ; £ i X p roved : ' ne t'hbd- ; : f or- the ' is o i a t i on ' : .o f . -RN A , ; ron plant ,. /;^r^| 

/:/ : / : /- : '/:/' : tissues^ -^Anaiv^lE-'cchem,-- -16:3>/:1^tv2C.^ . • \ ../ . / • . :/v/p£t 

" FerraraV ; > P vl^/ y|i 
•seque nee 



V/- -'^^XSv ; v : :/Rpsenfeiti.; ^;|f4-Capdey : 1 g|/^gfeui> I e^o^ r > ; .£ 



".- ' ana Ivsis^af ter;/.one- "or otwo^ii^nsionf^g^I; 
- -elect rbphoresisV -.Anal . ■•-Bi'cchemvV/203 , 



■ . Vi sser , .R.y r ^- » : - Jacobs en/; (1953).. Towards noaxryir.? . ..- 
?5. . olar.ts for altered starcri -,• .iont.ent- and compos i t 2 or. . TibTecr. 



WO 0- 700411 . 



Secuer.cea r.c lecule : cCNA 

Name: boll gene (bra—r.ir.c: encyrce 

Len-n cf sequence: bp ■ ■ 



6: 



rCTTAA— CC AACCAAGGAA Tl^IA.^ GATAGATTTC TAAAAACC. AAGGAOA^ 
^GAAAG ATG GTG TAT ACA CTC TCT ^GA ~ CGT TTT C^. ACT . CCA 
Val Tvr Thr leu Ser Gly Val Ara Phe frc ;r.r Val ?rc 

-tb 35 

: ^ GTG TAC AAA TCT AAT GGA TTT AGC ACT AAT COT -AT CGG AC-". AAT 
v , - - v - ivs Sor Ayr. Glv I-T.e Ser Ser A5r. Gly A:r Arc Ar- As:. 

-30 

GCT AAT :™ TCT OTA TTT TTG AAA A.AC CAC TCT CTT TCA TCO AAG ATT 
All A<=- Xaa Sor Val Pr.e Leu lys Lys His.Ser .Leu Ser A:u Lys lie 

• / ■ . - = 

TTG C-CT GAA AAG TCT TCT TAC AAT TCC GAA TCC CCA CCT TCT ACA CTT 
A'a G 1 "* Lvs Ser Scr Tvr Asr. £er Glu Ser Arc: Sor Thr Val 

CCA GCA TCC, GGG AAA GTC CTT CTC- CCT GGA ACC CAG ACT CAT ACC TCC 
Ai» M=» Se- Glv Lvs Val Leu Val Pro Gly Tr.r Glr. Ser Asp Scr Ser 

:s * '"■ VV".\ ; -2c : " - •. ' 3: 

TCA' TCC TCA ACA GAC CAA TTT. CAC TTC ACT ..GAG ACA TCT CCA GAA AAT 
5*- Thr Asp Glr F^c GLu Pr.e Thr Glu- 'thr Ser ?r: Glu Asr. 

TCC CCA GCA/TCA ACT GAT GTA GAT ACT;- TCA . £CA ATG GAA CAC GCT AGC . 
Co- >: A^ Se: !hr Asc Vai Asp Ser Ser Thr Me* Glu H-s Ala Ser 

: / ; ; '; : ^o, . ■:■ sd' vy ---■""■/ -.. . . £0 .. 

CAG ATT AAA ACT GAG AAC GAT GAC CTT GAG CCG. TCA AGT GAT CTT ACA 
Glr. I le Lys Tr.r Glu A sr. Acp Asp Vai Glu Pro So: Sor As? Leu Tr.r 



65 



7C 



~5 



GGA AGT CTT GAA GAG CTC GAT TTT GCT TCA TCA CTA CAA CTA CAA GAA 

G v Ser Val Glu Glu Leu Asp ? he Ala Sor Ser Leu Glr. Lou Glr. Glu 

80 /; ^ - 

G7T GCT AAA CTG GAG GAG TCT AAA ACA TTA AAT ATT TCT GAA GAG ACA 

G " Lvs Leu Glu Glu So: Lys Thr Lou Arr. .hr Sor Glu G-u Thr 

V* "* " ■ ice ids • : — 

ATT ATT GAT GAA TCT GAT A 3-3 ATC AGA GAG AGO GCC ACC :.T CCA CCT 

* o "le Asc Glu Sor As: Ar.- lie Arr: Glu Arc Jly 11^ ?rr Pr: Prr 

lib ::: 

GJA rrr got ^ag aag a:t tat gaa ata gac ccj ctt ttg aca aac tat 

Gl v Leu Glv Gin Lys He Ty: ^lu lie Asp Prr Leu 1^ u .:.r Acr; Tyr 

12w 135 

CC7 CVt CAC CTT GAT TAC AGG TAT TCA CAG TA.- AAG AA/i C77, AGG GAJ 

A; ~ Gin His Leu Asp Ty: A:,: Tyr Ser Glr. Tyr ly: Lyr leu Arq Glu 

1^5 : = :■ 



■:-iG.-V-- 



PCTSK^MU 558 



GCA ATT CAC AAG TAT GAG COT GOT TTC ^ GCT TTT TTT CCT COT TAT r:4 .... * 

^la lie Asn Lyr Tyr Glu Gly Gl / lou Glu Ala. Fhe 5*>r A:: Gly Tyr 

- :cr- ; ■ ".' . 

CAA AAA ATS GGT TTT ATT TGT ACT GCT ACA GCT ATC ACT TAC CGT GAG ?0C 
Glu Met Gly rho Tr.r Arr £er Ala Trur Gly lie Tr.r Tyr "At? Glu 

;-r 'ISC 135 19C ' • ; ■ 

TGC GCT TCT GGT GC C CAG TCA GCT ^.-C*. CT— A._ ;^\jA va-v. . - - a^v _Am. 9-^ 
Ala Gly Ala Glr. f^r Ala Ala Leu lie Gly Asr. r :.e A sr. A sr. 

;;; , . ' 205 

7GG GAT GCA AAT GTT GAC ACT ATC* ACT CGG AAT GAA TTT GGT GTC TGG 956 
Tru Asp AC a Asr Ala As-. lie Me: Tr.r Arc: A sr. Glu Fr.e Gly Val Try 

ci: cis 22c 

ATT TTT GTC CCA AAT A^T GTG G\T GGT TCT CCT GCA ATT CCT CAT 10>5c 
Glu He Pr.e Le j ?:: A sr. A s r. Vul A5p Gly Se: P:: Ala He ?rc Hi 3 

225 • 23C 235 . ■ 

CGG TCC AGA GTC AAC- ATA CGT ATG GAC ACT CCA TCA 3GT GTC AAG GAT 1C94 
Glv Cer Ar- Val Lys He Ar; Me: Asp Thr ?" Ser Gly Val Lys Asp 

\ ' ;.4^. ' 25G " . • 

TCC ATT ' CCT GCT ' TGG ATC AAC TAC TCT TTA CAG .CTT CCT GAT GAA ATT 
;;e ? r: A-la Try He Asr Tyr Ser Leu Glr. Leu rrr Asp Glu He 
255 ' -26C ■ 265 ' . 270- . ; :y 

. . " : : ■•" ■ . . ';■ V 

CCA TAT AAT GGA ATA TAT TAT GAT CCA CCC GAA GAG GAG AGG TAT ATG 119C yit' 

Pre Tvr Asr. Glv Ho Tyr Tyr Asp ?r^ Pro Glu Glu Glu Arc: Tyr He ■.. / \-_ .vs. 

-CC5 .. . - ^SC 235 . . . ."y.-y,^ 



KM?" 

: -xyy 



TTC CAA CAC CCA CGG CCA AAC AAA CCA AAG TCG CTG AGA ATA TAT GAA 1236 
?r.e Glr. His Pre Arc Lys ■ lys '.Pro ". Lys Ser Leu Arq lie -Tyr Glu. - 

29C ' • - 295 / 300 ■ ; \ ■ ~y: 

' ; • '• : . • • . ■ . ' • 

. : - /• : ' - . .-:.y, : : : . ' . " " -~- V-:^ 

TCT CAT ATT GGA' ATG AGT AGT CCZ /.ZAS-C^ AAA ATT AAC TCA TAC GTG .., 1296 

Ser His 1 1 e Gly Set Ser Ser Pro Glu Pro Lys: .lie. Asn" :'$or -'Tyr Va'l 

' 325 ' 31 C - : 315 

A-.T TTT AGA GAT GAA CTT CTT CCT CGC ATA AAA AAC CTT GOG TAC AAT 13i-J 
Asr. ?he Arc; Asp Glu V^l L*?u Tic Arq He Lys Lys Le_ Gly Tyr A^r 

320 325 ■ : \ 33C 

GCG GTG CAA ATT ATC- GCT ATT CAA GAG CAT TCT TAT TAT GCT AGT TTT 13S2 
Ala Vil Glr. He Met Ala He Glr, Glu His Sor Tyr Tyr Ala Ser Fhe 
335 342 345 . 35C- 

GGT TAT CAT GTC ALA AAC TTT TT!; GCA CCA AGC AGC CGT TTT GGA ACN 14 3C 

3;-. Tyr His Val Tr.r Aar. ?ho X^a Ala Pro Ser Arc Pre Gly Tr.r 

355 36C 3c5 

CCC GAC GAC CTT A^C TCT TTC ATT GAT AAA GCT CAC CAG CTA GGA ATT l^^r 
? rr Asr Asr Leu ly ie: leu He Asr lys Ala H : 5 31 u Le- Gly He 
C-C 3-T5 33C 

CTT GTT CTC ATG G^J ATT CTT CAC AGC CAT GCA 7G A^T AAT ACT TTA HCv 
*.\il V^l 1^_ Met Arr 1 lv Vdl H13 Ser !•:: Ala / • r A jr. Asr. Tr.r Lej 
335 35C 3?5 



GAT GGA CTC AAC ACC* TTT G"%C GGC ACA GAT A^. TCC TAC TTT 
As o Glv Leu Asr. >Vt A^y Gly Tr.r Arr. i*e: Cyr, '.V: r'r.e His £0 : 

422 -cl a:: 
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GGA OCT CGT GGT TAT CAT TGG ATG 7CG GAT TCC CGC CTC TTT AAC TAT 1622 
.Gly Ala Arg Gly Tyr His Trp Met Tip Asp Ser Arg l^u Phe Asn Tyr 
<15 ' . .420 425 43C 

GGA AAC TGG GAG GTA CTT AGG TAT CTT CTC TCA AAT GCG AGA TGG TGG 1670 
Gly Asn Trp Glu Val Leu Arg Tyr Leu Leu Ser Asn Ala Arc Trp Trp 
435 440 445 



TTG GAT GAG TTC AAA TTT GAT GGA TTT AGA TTT GAT GGT GTG ACA TCA 
Leu Asp Glu Phe Lys Phe Asp Gly Phe Arg Phe Asp Gly Val Thr Ser 
450 455 460 



1718 



ATG ATG TAT ACT CAC CAC GGA TTA TCG GTG GGA TTC ACT GGG AAC TAG 
Met Met Tyr- Thr His Kis Gly Leu Ser Val Gly Phe Thr Gly Asn Tyr 
465 470 475 



1766 



GAG GAA TAG TTT GGA CTC GCA ACT GAT . GTG GAT GCT GTT GTG TAT CTG 1814 
Glu Glu Tyr Phe Gly Leu Ala Thr Asp Val Asp Ala Val Val Tyr Leu 
480 .485 490 

ATG CTG GTC AAC GAT CTT ATT CAT GGG CTT TTC CCA GAT GCA ATT ACC 1862 
Met Leu Val Asn Asp Leu He His Gly Leu Phe Pro Asp Ala He Thr 
495 - 500 505 510 

ATT GGT GAA GAT GTT AGC GGA ATG CCG ACA TTT TNT ATT CCC GTT CAA 1910 
lie Gly Glu Asp Val Ser Gly Met: Pro Thr Phe Xaa He Pro Val Gin 
515 520 525 



GAT GGG GGT GTT GGC TTT GAC TAT CGG CTG CAT ATG GCA ATT GCT GAT 
Asp Gly Gly Val Gly Phe Asp Tyr Arg Leu Kis Met Ala He Ala Asp; 
530 535 ; .540 ' 

AAA TGG ATT GAG TTG CTC AAG AAA . CGG GAT GAG GAT TGG AGA GTG GGT \ 
Lys Trp lie Glu Leu Leu Lys Lys Arg Asp Glu Asp Trp Axg Val Gly 



545 



550 



555 



GAT ATT GTT CAT ACA CTG ACA AAT AGA AGA TGG TCG GAA AAG TGT GTT 
Asp He Val .His>Thr Leu Thr Asn Arg Arg Trp Ser Glu Lys Cys Val 
560 565 . '570 

TCA TAC GCT GAA AGT CAT GAT CAA GCT CTA GTC GGT GAT AAA ACT ATA 
Ser Tyr Ala Glu Ser Kis Asp Gin Ala Leu Val Gly Asp Lys Thr lie 
575 580 585 590 

GCA TTC TGG CTG ATG GAC AAG GAT ATG TAT GAT TTT ATG GCT CTG GAT 
Ala Phe Trp Leu Met. Asp Lys Asp Met. Tyr Asp Phe Met Ala Leu Asp 
595 600 605 



1958 



2006 



2054 



2102 



2150 



AGA CCK TCA ACA TCA TTA ATA GAT CGT GGG -ATA GCA TTG CAC AAG ATG 2198 

Arg Pre Ser Thr Ser Leu lie Asp Arg Gly lie Ala Leu His Lys Met 
610 615 62C 

ATT AGG CTT GTA ACT ATG GGA TTA GGA GGA GAA GGG TAC CTA AAT TTC 224 6 

Zie Arg Leu Vai Thr Met Gly Leu Gly Gly Glu Gly Tyr Leu Asn Phe 
625 63C 635 



ATG GGA AAT GAA TTC GGC CAC CCT GAG TGG ATT GAT TTC CCT AGG GCT 
Met Gly Asn Giu Phe Gly Kis Pre Glu Trp He Asp Phe Pro Arg Ala 
64C 645 650 



:294 



GAA CAA CAC CTC TCT GAT GGC TCA GTA ATT CCC GGA AAC CaA TTC AGT 
Giu Clr. His Leu Ser Asp Gly Ser Val He Pro Gly Asn Gin Phe Ser 
655 €60 665 670 



2342 



1 



rCT/SE96/0155K 
IT GAC CTG GGA GAT GCA GAA TAT TTA 2390 



WO 97/2(1040 

TAT GAT AAA TGC AGA CGG AGA T 
Tyr Asp Lys Cys Axg Arq Arg Phe Asp Leu Gly Asp Aia Glu Tyr Leu 
675 68C 685 



AGA TAG CGT GGG TTG GAA GAA TTT GAC CGG GOT ATG CAG TAT CTT.GAA 
Arg Tyr Arg Gly Leu Gin Glu Phe Asp Arg Ala Mot Gin Tyr Leu Glu 
690 695 700 



2438 



GAT AAA TAT GAG TTT ATG ACT TCA GAA CAC CAG TTC ATA TCA CGA AAG 
Asp Lys Tyr Glu Phe Met Thr Sor Giu His Gin Phe lie Ser Arg Lys 
705 71C 715 



2486 



GAT GAA GGA GAT AGG ATG ATT GTA TTT GAA AAA GGA AAC CTA GTT TTT 
Asp Giu Gly Asp Arg Mot lie Val Phe Giu Lys Gly Asn Leu Val Phe 
720 725 73C 



2534 



GTC TTT AAT TTT CAC TGG ACA AAA AGC TAT TCA GAC TAT CGC ATA GGC 
Val Phe Asn Phe His Trp Thr Lys Scr Tyr Ser Asp Tyr Arg lie Gly 
735 740 745 750 



2582 



TGC CTG AAG CCT GGA AAA TAC AAG GTT GCC TTG GAC TCA GAT GAT CCA 
Cys Leu Lys Pro Gly Lys Tyr Lys Val Ala Leu Asp Ser Asp Asp Pre 
755 760 765 



2630 



CTT TTT GGT GGC TTC GGG AGA ATT GAT CAT AAT GCC GAA TAT TTC ACC 
Leu Phe Gly Gly Phe Gly Arg He Asp Hjls Asn Ala Glu Tyr Phe Thr 
770 775 780 



2678 



TTT GAA GGA TGG TAT GAT GAT CGT CCT CGT TCA ATT ATG GTG TAT GCA 
Phe" -Glu Gly Trp Tyr Asp Asp Arg Pro Arg Ser He Met: Vai Tyr Ala 
785 790 795 



2721 



CCT. AGT AGA ACA GCA GTG GTC TAT GCA CTA GTA GAC AAA GAA GAA GAA 
Pro Ser Arg. Thr Ala Val Vai Tyr Ala Leu Val Asp Lys Glu Glu Glu 
.800 ' 80S 810 



2774 



GAA GAA GAA GAA GTA GCA GTA GTA GAA GAA GTA GTA GTA GAA GAA GAA 
Giu Giu Glu Glu Val Ala Val Val Giu Glu Val Val Val Glu Giu Glu 
815 820 825 830 



2822 



TGA ACGAA CTTGTGATCG CGTTGAAAGA TTTGAAGGCT 



=TAGAGCT TCTTGACSTA 



288C 



TCTGGCAATA TTGCATCAGT CTTGGCGGAA TTTCATGTGA CAAAAGGTTT GCAATTCTTT 2940 

CCACTATTAG TAGTGCAACG ATATACGCAG A GAT GAA GTG CTGCACAAAC ATATGTAAAA 3000 

TCGATGAATT TATGTCGAAT GCTGGGACGG GCTTCA GCA Z GTTTTGCTTA GTGAGTTCTG 3060 

TAAATTGTCA TCTC 3074 



! i. 
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SEP ID No. 2 
Sequenced molecule: cDNA 

Name: bell gene fragment (branching enzyme II) from 

Solanum tuberosum (potato) 
Length of sequence: 1393 bp 



T CTG CCA AAT AAT GTG GAT GGT TCT CCT GCA ATT CCT CAT GGG TCC AGA 49 
Leu Pro Asn Asn Val Asp Gly Ser Pro Ala lie Pro His Gly Ser Arg 
: 5 10 15 

GTG AAG ATA CGT AT 3 GAC ACT CCA TCA GGT GTT AAG GAT TCC ATT CCT 97 
Vai Lys lie Arg Met Asp Thr Pro Ser Gly Val Lys Asp Ser He Pro 

20 25 3C " 



GOT TGG ATC AAC TAC TCT TTA GAG CTT CCT GAT GAA ATT CCA TAT AAT 
Ala Trp He Asn Tyr Ser Leu Gin Leu Pro Asp Git: He Pro Tyr Asn 
35 40 45 



GGA ATG AGT AGT CCG GAG CCT AAA ATT AAC TCA TAC GIG AAT .TTT AGA 
Gly Met Ser Ser Pro GluPro Lys lie Asn Ser Tyr Val Asn Phe Arg 



145 



GGA ATA TAT TAT GAT CCA CCC GAA GAG GAr v AGC TAT ATC TTC CAA CAC 193 
Gly He Tyr Tyr Asp Pro Pro Glu Glu Glu Arg Tyr lie Phe Gir. His 
50 55 60 

CCA CGG CCA AAG AAA CCA AAG TCG CTG AGA ATA TAT GAA TCT CAT ATT . . 241 
Pro Arg Pro Lys Lys Pro Lys Ser Leu Arg Ho Tyr Glu Ser His He'. . 
65 70 -'. 75. 80 



289 



481 



GAT GAA GTT CTT CCT CGC ATA AAA AAG CTT GGG TAC AAT GCG GTG CAA 33? 

Asp Glu Val Leu Pro Arg* lie Lys Lys Leu Gly Tyr Asn Ala Val Gin . 

100 . . 105 • • . . HQ 

ATT ATG GCT ATT CAA GAG CAT TCT TAT TAT GOT AGT TTT GGT TAT CAT 385 

H«* Xer Ala lie Gin Glu His Ser Tyr Tyr Ala Ser Phe Gly Tyr His 

115 120 125 

GTC ACA AAT TTT TTN GCA CCA AGC AGC CGT TTT G3A ACN CCC GAC GAC 433 

Val Thr Asn Phe Xaa Ala Pro Ser Ser Arg Pne Gly Thr Pro Asp Asp 
130 135 24C 

CTT AAG TCT TTG ATT GAT AAA GTT CAT GAG CTA GGA ATT GTT GTT CTC 

Leu Lys Ser Leu He Asp Lys Aia His Glu Leu G;y He Val Val Leu 
1<5 150 155 160 

ATG GAC ATT GTT CAC AGC CAT GCA TCA AAT AAT ACT TTA GAT GGA CTG 529 

Ket. Aso He Val His Ser His Aia Ser Asn Asn Thr Lou Asp Gly Leu 
165 170 175 

AAC ATG TTT GAC CGC ACA GAT AGT TGT TAC TTT CAC TCT GGA GCT CGT 57 7 

Asn Met. Pne Asp Gly Thr Asp Ser Cys Tyr Phe H: s Sor Gly Ala Arg 

180 185 19: 

GGT TAT CAT TGG ATG TGG GAT TCC CGC CTC TTT AAC TAT GGA AAC TGG 625 

Gly Tyr His Trp Me* Trp Asp Ser Arq Leu Phe Am Tyr Gly Asn Trp 

195 2CG 205 

GAG GTA CTT AGG TAT CTT CTC TCA AAT GOG *A TGG TGG TTG GAT GAG €73 

Glu Val ivu Arg Tyr U-u Leu Sor A sr. Al.i A • -J Trp Try. Lou A Glu 
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TTC AAA TTT GAT GGA 
Phe Lys Phe Asp Gly 
225 

ACT CAC CAC GGA TTA 
Tnr His His Gly Leu 
245 



Phe 
230 



Ser 



TTT GGA CTC GCA ACT 
Phe Gly Leu Ala Tnr 
.260 

AAC GAT CTT ATT CAT 
Asn Asp Leu He His 
275 

GAT GTT AGC GGA ATG 
Asp Val Ser Gly Met 
290 

GTT GGC TTT GAC TAT 
Val Gly Phe Asp Tyr 
305 

GAG TTG CTC AAG AAA 
Glu Leu Leu Lys Lys 
325 

CAT ACA CTG ACA AAT 

His" Thr Leu Thr. Asn 
.340 

■ GAA ACT CAT GAT CAA 
Glu Ser His Asp Gin 

355 .'• 

CTG ATG GAC AAG GAT 
Leu Met Asp Lys Asp 
370 

ACA TCA TTA ATA GAT 
Thr Ser Leu lie Asp 
385 

GTA ACT ATG GGA TTA 
Val Thr Met Gly Leu 
405 

GAA TTC GGC CAC CCT 
Glu Phe Gly His Pro 
420 

CTC TCT GAT GGC TCA 
Lou Ser Asp Gly Ser 
435 

TGC AGA CGG AGA TTT 
Cys Arg Arg Arg Phe 
45C 



Asp 



Gly 



Pro 



CGG 
Arg 
310 

CGG 
Ara 



AGA 
Arg 



GCT 
Ala 



ATG 
Met 



CGT 
Arg 
390 

GGA 
Giy 



GAG 
Glu 



GTA 
Val 



GAC 
Asp 



1 7 



AGA TTT GAT GCT 
Arg Phe Asp Gly 



GTG GGA TTC ACT 
Val Gly Phe Thr 
250 

GTG GAT GCT CTT 
Val Asp Ala Val 
265 

CTT TTC CCA GAT 
Leu Phe Pro Asp 
280 

ACA TTT TNT ATT 
Thr Phe Xaa Ho 
295 

CTG CAT ATG GCA 
Leu His Met Ala 



GAT GAG GAT TGG 
Asp Glu Asp Trp 

' 330 

AGA TGG TCG GAA 
Arg Trp Ser Glu 
345 

CTA GTC OCT. GAT 
LeuVal Gly Asp 

' : 360 • 

TAT GAT TTT ATG 
Tyr Asp Phe Met 
375 

GGG ATA GCA TTG 
Gly He Ala Lou 
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GGA GAA 
Gly Glu 



TGG ATT 
Trp He 



ATT CCC 
He Pro 
440 

CTG GGA 
Leu Gly 
455 



GGG TAC 
Gly Tyr 
410 

GAT TTC 
Asp Phe 
425 

GGA AAC 
Gly Asn 



GTG ACA 
Val Thr 
235 

GGG AAC 
Glv Asn 



GTG TAT 
Val Tvr 



GCA ATT 
Ala He 



CCC GTT 
Pro Val 
300 

ATT GCT 
He Ala 
315 

AGA GTG 
Arg Val 



.AAG TGT 
Lys Cys 



AAA \ ACT 
Lys Thr 



GCT CTG 
Ala Leu 

. / 380 

CAC AAG 
His Lys 
395 

CTA AAT 
Leu Asn 



CCT AGG 
Pro Arg 



CAA TTC 
Gin Phe 



TCA 
Ser 



TAC 



CTG 
Leu 



ACC 
Thr 
285 

CAA 
Gin 



ATG ATG TAT 
Met Met Tyr 
240 



721 



GAG GAA TAC 765 
Glu Glu Tyr 
255 



ATG CTG GTC 
Met Leu Val 
270 



GAT AAA TGG ATT 
Asp Lys Trp He 

320 

GGT GAT ATT CTT 
Gly Asp He Val 
335 

GTT TCA TAC GCT 
Val. Ser Tyr Ala 
350 

ATA GCA TTC TGG 
lie Ala Phe Trp 
365 

GAT ' AGA CCN TCA . 
Asp. Arg Pro Ser 



ATG ATT 
Met lit* 



TTC ATG 
Phe Met. 



GAT GCA 
Aso Ala 



GAA TAT 
Glu Tyr 
4 60 



GCT GAA 
Ala Giu 
430 

ACT TAT 
Sor Tyr 
445 

TTA AGA 
Leu Arg 



AGG CTT 
Arg Leu 
4CC- 

GGA AAT 
Giy Asn 
415 

CAA CAC 
Gin His 



GAT AnA 
Asp Lys 



TAC CGT 
Tyr Arg 



8i; 



ATT GGT GAA 865 
He Gly Glu 



GAT GGG GGT 913 
Asp Giy Gly 



961 



1019 



L057 



1105 



L153 



1201 



L249 



1297 



134b 



1393 
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1. An amine acid sequence c: starch branching enzyme 

5 I! (SEE II) comprising the amino acid sequence as shown in 

SEQ ID No. 1. 

2. Fragments of the amino acic sequence of starch 
branching enzpe II (SBEII). 

3. A fragment according to claim 2, having the amino 
10 acid sequence as shown in SEQ ID No. 2. 

A. An isolated DNA sequence encoding starch branching 
enzyme II ;SBE II) of potato comprising the nucleotide 
sequence as shown in SEQ ID No. 1 : variants thereof 
resulting from the degeneracy of the genetic code. 

15 5. Fragments of the isolated DNA sequence encoding 

starch branching enzyme II ; (SBEi: )"/:■ of potato. 

6. A fragment according to claim 5, comprising the 
nucleotide sequence as shown in SEQ IP No . 2 v 

7. A vector comprising the whole or a functionally ; 
20 active part of the isolated DNA sequence claimed .in any 

one of claims 4-6 and regulatory element s active -in 
potato. 

B. A vector according to claim 7, wherein the DNA 
sequence is in the ar.tiser.se (reversed) orientation in 

25 relation to a promoter immediately' upstream from the DNA 
sequence. 

9. A process for the production of transgenic 
potatoes with either an increased or a decreased degree of 
branching of anyiopectin starch, characterized 

30 in thai; it comprises the following . r-tep:.; : 

a* transfer and incorporation of a vector according to 
claim 7 into the genome of a potato cell, and 
b) regenerati.cn of intact, whole plants from the 
rans f ormed ce 1 Is . 

3f, i;;. Zi process for rhe product in- c: transgenic 

potatoes with a reduced degree of branch iri'i of axy.Lcpocr.in 
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starch, characterize d in that it comprises the 
following steps: 

a! transfer and incorporation of a vector according to 
c;a;r. 8 into the genome of a potato ceil, and * 
f> b* regeneration of intact, whole plants from the 
transferred cells. 

II. A process according to :lain 10, wherein the 
vector also -comprises an antisense construct of si.aich 
branching enzyme I (SBIl I), 
in I.:/ A process according to claims 10 or 11, wherein 

the vector also comprises an antisense construct of potato 
Granule bound starch synthase II. 

:3. ~ process according to one or more of claims 
. i 0-12 , wherein the vector also comprises an antisense :^ 
15. construct of potato soluble starch synthases II and III. 

14 .' A orocess accordina to one or . more of claims 
10-13, wherein the vector also ■ comprises an" ant isense ■ 
construct of potato starch . disproport ionat ing . en cyme (D- ; v '^V 
' en cyme .• 

20 15i: ; A orocess according to one or. more of claims '.'-^ 

10-1.;, wherein the vector also comprises an antisense 

construct' of potato starch debranchmq enzyme. 

* 16. A" transgenic potato obtainable ivy the process. 

according to any one of claims ^-15. '.• .• 

25 17. Use tf transgenic potatoes accord.; ng to claim 16 

for the production of stare:;. 
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Peptide 1. EFGVWEIFLPN 
Peptide 2. HGLQEFDRA 
Peptides. ENDGIAAKADE 
Peptide 4. YEIDPEI/LTN 
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